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Chapter-I 
INTRODUCTION 
Mutation in a broad sense includes all those heritable 
changes which alter the phenotype of an individual. The word 
mutation is derived from Latin word'Mutare' meaning to change 
which was coined by Hugo de Vries (1901), but the term 
mutation is used in a rather strict sense to cover only those 
changes which alter the chemical structure of the gene at the 
molecular level. 
The scientific studies of mutation started in 1910 when 
T.H. Morgan started his work on fruit-fly, Drosophila 
melanogaster. Later, mutation work has been done on many 
other organisms such as maize {Zea mays) by Stadler, 
snapdragon {Antirrhinum) by Sparrow et.al (1942), sweet pea 
{Lathyrus odoratus) by Bateson and Punnett (1905). 
Mutation is the only method by which allelic differences 
between genes can arise. Brock (1970) considered the induced 
mutation as an alternative to naturally occurring variations as 
the source of germplasm for plant improvement programmes and 
as an alternative to hybridization and recombination in plant 
breeding. 
Mutation constitutes the building blocks with which new 
cultivars are developed by breeding. As events change the 
balance exhibited by natural selection in co-operative gene 
blocks, they offer new avenues for natural and artificial 
selection. The later has formed the basis for development of 
new conceptual models of plant improvement. Since genetic 
variability is created in an already improved and well adopted 
genetic background, induced mutation has been preferred 
excellent breeding material that has led to gene and gene 
revolution. 
Mutation can be autogenous or exogenous. It may be 
spontaneous or induced. Fungi and bacteria are known to 
mutate under nutritional deficiencies and develop resistance to 
bacteriophage etc. The agents causing the mutation are called 
mutagens. Induced mutations are caused by two types of 
mutagens. 
1. Physical mutagens 
2. Chemical mutagens 
Physical mutagens are mainly radiation (ionizing and non-
ionizing). Ionizing radiation cause ionizations and force 
ejection of an electron from the atom it attacks e.g. x-ray, 
gamma rays, beta-rays etc. The non-ionizing radiation source 
UV rays were discovered by Altenburg (1930) while treating 
Drosophila egg. 
Auerbach and Robson (1942) were the first to find that 
mutation could be induced by chemicals during the World War 
II. Since then a lot of work on mutagenesis has been carried by 
many scientist (Westergaard 1957, Gustaffson 1969, Borojovic 
1969, Brock 1970, Khan and Siddiqui 1988). 
Economic Importance of Linseed {Linunt sp.) 
Linum is one of the oldest crops cultivated for its seeds 
and fibre. Every part of the linseed plant is utilized. 
Commercially, the seed is directly used for edible purpose and 
manufacture of paints, varnish, oil, clothes, linoleum, pad ink, 
printing ink, soap, potent leather etc. The oil cake is good feed 
for milch cattle and also used as manures. 
Its stem yields fibre of good quality having strength and 
durability. The fibre is lustrous and blends very well with wool, 
silk, cotton etc. Strong twines, canvas, suiting, shirting and 
various indispensable products for defence purposes are 
manufactured from its fibre. Fibres are also used for making 
paper low cast roofing tiles and for fibre reinforced plastics 
based on unsaturated polysters. 
Botanical Description of Linseed 
It is an erect annual herb about 60-180 cm high, cultivated 
throughout the plains of India and up to an altitude of 1500 m. 
Flowers are small, blue, violet or white inflorescence is 
terminal panicle, fruit is capsular having five locules each 
containing two seeds. The seeds are yellowish or blackish 
brown, small flattened, oval with smooth shining coat. The total 
chromosome number (2n) in cultivated species is 20-30 and 
varies from 16 to 86 in others (Wealth of India vol. L-M). 
Output of Linseed in India 
India has the dubious distinction of having a very large 
area (2 million ha.) under linseed cultivation. This is about 40% 
of the total linseed crop area (5 million ha.) world-wide. None 
the less, it accounts for only 22% (0.5) million mt. of the total 
(2.3 million mt) world production. The average yield of linseed 
in India is 349 kg/ha. 
Year Year (million mt) 
1993-94 3.3 
1994-95 3.2 
1995-96 2.9 
1996-97 3.3 
1997-98 2.5 
Objective of Present Studies 
Mutation breeding has a tremendous application in 
improvement of agriculture and establishment of high yielding 
varieties. Keeping in mind the importance of Linum attempts 
were made to carry mutation breeding in Linum usitatissimum 
Linn, to induce greater variability and to get better chance of 
selection of desired characters. The chemical mutagen used for 
this purpose is 6-Benzyl adenine (6-BA). 
The assessment of mutagenic effects of 6-Benzyl adenine 
is done on different parameters such, as seed germination and 
inhibition, seedling growth, survival rate, variation at seedling 
and mature stages, habit of the plant, nature of flowering, 
branching yield etc. Lastly, the effects of 6-BA on chromosomal 
behaviour and possible correlation between chromosomal 
abnormalities and morphological variations have also been 
studied. 
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REVIEW OF LITERATURE 
The mutation is a sudden heritable change in a characteristic of an 
organism. Mutation breeding is helpful in improving yield ability, disease 
resistance and nutritional quality, changing the basic genotype and 
shortening the normal life of a variety etc. More than 300 varieties have 
been developed through mutation breeding in different countries. 
Hugo-de Vries (1901) proposed the use of radiation for the induction 
of mutation, Morgan (1911) observed spontaneous mutation in Drosophila. 
Nilsson Ehle (1914) suggested the possibility of inducing mutations in a 
study of acclimatization of plant species. The first successful attempt to 
induce mutation was made by Muller (1927) on Drosophila. Later, Stadler 
(1928) on barley, Goodspeed (1929) on Datura and Nicotiana used x-rays 
for the induction of mutations. 
In modem times the induced mutagenesis is considered as an important 
method for creating genetic variability in a breeding population, where a 
large part of variability has been lost due to rigid selection. As a result of 
mutation breeding large varieties of cereals, pulses and ornamentals have 
been released. Import and export practices of resistant and better yielding 
varieties among different countries are also common now-a-days. 
The discovery of chemical mutagens during the world war second was 
another achievement in the history of induced mutations. So the use of 
chemical mutagens is recent in origin. Schiemann (1912) was the first to use 
chemical mutagenesis on Aspergillus niger. Auerbach and Robson (1942) 
induced gene mutation in Drosophila melanogaster by using the mutagen 
mustard gas. Oehlkers (1943) studied the induction of chromosomal 
translocations in Oenothera lamarckiana by urethane. In present 
investigation the chemical mutagenic agent 6-Benzyl adenine has been 
administered at seed level in Linum uiitatissimum. The assessment of 
biological damage in terms of inhibition in germination, induction of 
seedling lethality and morphological variation, chromosomal aberrations and 
pollen sterility provide an idea of effectiveness and efficiency of mutagen 
and its sensibility to biological material. 
6-Benzyl adenine 
6-Benzyladenine is a synthetic cytokinin, an analogue of kinetin 
which are active in all division, 6-Benzyladenine riboside was found to 
occur in anise cell (Pimpinella anisum) by Ernst et al. (1983). 
Structure and Mechanism of Action of 6-Benzyladenine 
The structure of 6-Benzyladenine is as follows : 
// W CH,NH 
N N 
Very less work has been done on 6-Benzyladenine as mutagen. It has 
generally been used as a hormone, although aminopurine group of this 
compound takes active part in mutation. Aminopurine can pair with thymine 
(T) by 2 hydrogen bonds and with cytocine by a single bond. The pairing 
involving 2 bonds is more common, since in the other case nitrogen in 
cytosine (C) repel each other and cause their separation. Incorporation of 
aminopurine (AP) at the place of guanine to give AP-C base pair will cause 
mutation in the subsequent generation. Similarly, a mistake in replication 
after incorporation of AP leading to the formation of AP-T base pair may 
lead to a mutation. Aminopurine thus induces transition in both directions. 
Studies on 6- Benzyl adenine 
6-Benzyl adenine is widely used in studies on physiological effect of 
cytokinin and tissue culture techniques. 6-BA causes substantially more 
elongation than kinetin. Pillay and Railton (19^3) showed that 
ben2yladenine and zeatin enhance elongation of pea lateral buds for two 
weeks. 
Plummer and Wann (1998) found that flowering period and hence 
harvest date was delayed by 6-9 days following the application of 
Gibberellic acid and benzyl adenine (GA+BA) in crop Boronia heterophylla. 
High concentrations of GA+BA (40, 80 mg/1) delayed flowering longer than 
lower concentrations (20 mg/1), but reduced the number of flowers. 
Vinocar et al. (2000) cultured roots of plant Populus tremula in liquid 
medium by various levels of Benzyl adenine (BA) and thidazuron (TDZ). It 
was found that TDZ had a marked effect on bud development as compared 
with BA. 
Work on Linum usitatissimum 
The linseed plant and its variability were first studied at the Imperial 
Institute of Agriculture Research at Pusa). Later it was further studied 
including its genetics at the same centre by others. Studies to investigate the 
biochemical basis of rust development in linseed plant were conducted by 
Oaks and Shav (1960) and Andrier and Shav (1965). Andeme-onzighi et al. 
(2000) found that flax (Linum usitatissimum) fibres have thick secondary 
wall which is cellulose rich and contains significant amount of matrix 
polymers such as pectins. 
The earliest work on Linum in relation to radiation is that of Johnson 
(1936). Later, Gustafsson (1944) and Levan (1944) have reported irradiation 
effects on flax, treated with acute doses. After 12 years Sparrow and 
Gunckel (1956) reported severe radiation damage (1957). D. Amato {1957} 
noticed a very high incidence of fasciations in plants exposed to chronic 
gamma-irradiations. In the early seventies attempts have been made for a 
detailed study on the effects of gamma-irradiation in the form of chronic and 
acute doses on morphology as well as yield characteristic of linseed crop 
(Bari 1971). 
Patil and Chopde (1983) reported that the ratio of general combining 
ability (OCA) and specific combining ability (SCA) were significant 
showing the predominant role of additive gene effect in the inheritance, 
when ecogeographically and genetically diverse ten linseed (Linum 
iisitatissimum) cultivars were crossed in diallel design and evaluated in F2 
generation over three environment. Singh and Srivastava (1983) gave that 
non-additive gene action played major role in the inheritance of number of 
capsules per plant and oil content in Fi and F2 generation. 
Singh et al. (1983} selected 50 indigenous and exotic strains of 
linseed {Linum usitatissimum L) to measure the genetic divergence for 12 
characters according to Mahalanobis D statistics. Analysis of variance 
revealed considerable variation for all the characters studied, for instance 
days to first flowering, plant height, number of capsules per plant, biological 
yield and harvest index. 
Rao and Singh (1983) studied the inheritance of yield and its 
component in Fi, F2 and F3 and their parents in linseed plant. Additive gene 
effects were found to be predominant for all characters. 
Misra etal. (1983) found that resistance in linseed was governed by 
gene both in dominant and recessive fashion. Strong linkage was found in 
some cases for resistance to rust and powdery mildew. Wilt resistance to 
linseed was controlled by dominant gene independent of those governing 
resistance to rust and powdery mildew. Misra and Rai (1996) gave that 
linseed variety T397 is a good general combinei^ for seed yield per plant and 
the variety Neelum for palmitic and stearic acid. 
Khan and Jaibir (1996) found a significant deviance in growth and 
nutrition uptake with the increasing concentration of same phenolic 
compounds in Cicer arietinum, Lens esculenta and Linum usitatissimum. 
Trummler et al. (1997) have isolated a full length cDNA clone 
encoding Linum usitatissimum named hydroxynitrile lyase (LUHNL) from a 
cDNA expression library by immuno-screening LUHNL cDNA. 
Saeidi and Rowland (1998) showed that variegated seed coat colour 
was controlled by a single recessive gene and that the palmitic acid and 
variegated seed loci segregated independently. Moreover, They (2000) 
reported that seeds with high (50%) level of linoleic acid had greater 
emergence than seed with low 2% level of linoleic acid in autoclaved and 
unautoclaved soil types. 
Easson and Molloy (2000) concluded that decreasing seed rates from 
about 1500 to 500 seedsW reduced the potential fibre yield by 25% but had 
little effect on seed yield. 
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MATERIALS AND METHODS 
Three varieties oi Linum usitatissimum Linn, were studied 
in the present experiment. These are : 
1. SHEELA 
2. T-397 
3. JRF-5 
The seeds of these varieties were obtained from Chandra 
Shekhar Azad University of Agriculture and Technology, 
Kanpur. 
Mutagen used 
The seeds were treated with the mutagen 6-Benzyl adenine. 
Treatment of Seeds 
One set of healthy 50 seeds were taken for control as well 
as each concentration of 6- BA. The seeds were first presoaked 
in distilled water for eight hours and then treated with 200, 
400, 600, 800, 1000 ppm solution for 12 hours. Control seeds 
were soaked in distilled water for same duration. 
Germination Studies 
Number of germinated seeds was counted daily in control 
as well as treated population till maximum germination was 
obtained and calculated by the following formula. 
No. of seeds germinated 
Germination percentage = - —- x 100 
Total number of seeds sown 
The delaying effects of 6- Benzyl adenine were recorded 
on the basis of extra days taken for germination in treated 
population as compared to control. 
Percentage inhibition in germination 
Percentage inhibition in germination was calculated by the 
following formula: 
Germination inhibition = 
Number of seeds germinatedNumber of seeds germinated 
in control in treated population 
xlOO 
Number of seeds germination in control 
Seedling Morphology 
Seedling morphology was noted by the size and shape of 
cotyledonary and vegetative leaves, habit and height of 
seedlings. The height of seedlings in control and treated 
population was measured from the point above the ground to 
the tip of main axis of stem. 
Height Injury 
Height injury is calculated by the following formula: 
He - Ht 
Height injury (%) = 
He 
Where He = Height of control seedlings or mature plants 
Ht = Height of treated seedlings or mature plants. 
Plant Morphology 
Morphological variants were selected on the basis of 
visible physical characters and deviations in the behaviour of 
treated plants as compared to control. Different parameters 
such as habit of plant, shape and size of leaves, branching, 
flowering, fruiting and height of mature plants were noted. 
Frequency of Variations 
The frequency of variations was calculated by following 
formula: 
Frequency of variations Number of seedlings or plants 
(at seedling and mature showing variations 
stages) = -
Total number of seedlings or plants 
CYTOLOGICAL STUDIES 
The chromosomal behaviour in 100 meiocytes (pollen 
mother cells) has been studied in 20 randomly selected control 
plants and each treated population. 
Fixation and Processing of Material 
The young flower buds of appropriate size were fixed in 
Carnoy's fluid (6 parts alcohol + 3 parts chloroform + I part 
acetic acid) between 8.30 to 10.30 a.m. for 40 to 60 minutes. 
The material was then transferred to propionic acid 
(saturated with ferric acetate) for 24 hours, washed with 70% 
alcohol for 2 to 3 times and preserved in 70% alcohol. 
Squasliing of Anthers and preparation of slides 
Anthers were squashed in 0.5% propionopcarmine 
solution, slides were dehydrated in NBA series (Bhaduri & 
Ghosh, 1954) and mounted in Canada Balsam and then dried in 
incubator. 
Pollen Fertility 
Fresh pollen grains from recently opened flowers were 
stained in \% acetocarmine. Normally densely stained round 
pollen grains were counted as fertile while unstained or 
feebly stained, empty, shrunken deshaped pollen grains as 
sterile. Pollen fertility was counted by the following formula:-
Number of fertile pollen grains 
Pollen fertility % = x 100 
Total number of pollen grains 
Yield 
The yield was calculated on the basis of total number of 
seeds and weight of hundred seeds per plant in control and 
treated populations. 
Total number of seeds per plant = Average number of 
seeds per pod x Average number of pods per plant. 
STATISTICAL ANALYSIS 
The data recorded on seedling growth, variation 
frequency, survival, lethality, pollen grains, meiotic studies, 
yield etc. in different treatments and control populations have 
been subjected to statistical analysis, with a view to find out 
the extent of variations induced by 6-Benzyl adenine. 
Mean 
The arithmetic mean is the sum of all observations divided 
by total number of observations. 
X, + X2 + X3 Xn S x n 
Arithmetic mean (X) = = 
N N 
where Xi, X2, X3 Xn = individual readings 
N = Total number of observations 
Exn = Sum of individual observations 
Standard Deviations SD 
Standard deviation is a measure of variability or 
dispersion which is the positive square root of mean of the 
squares of deviations of individual observations from their 
arithmetic mean. It is calculated by the formula: 
/ _ _ 
/ (X,-X)2 + ( X 2 - X ) 2 + (Xn-X)2 
SD = V -
N 
or 
/ s (x„- xy 
V - -
N 
Where X = mean of observations involved 
X), X2 Xn= individual observations 
N = Total number of observations recorded 
Co-efficient of Variations (CV %) 
It measures the relative magnitude of variations present in 
observations relative to magnitude of arithmetic mean. It is 
defined as the rate of standard deviation to arithmetic mean 
expressed as percentage 
S.D. 
C V . % = X 100 
X 
Critical difference 
Critical difference is computed by following the standard 
procedure laid down by Gomez and Gomez (1984). The F. test 
was applied to assist the significance of the data at 1% and 5% 
level of probability. The error due to replicates was determined. 
Critical difference (CD. ) was also calculated using the 
following formula. 
/ Standard Error x 2 
C D . = V— X t (value at 1% or 5% level) 
Replicates 
If the difference between any two sample means exceeds 
the C D . values obtained at 5% and / or 1% level, the difference 
between the two means is said to be significant at 5% and / or 
1% level, respectively. 
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In the present investigation the seeds of Hnseed (Linum usitatissimum 
L.) varieties Sheela, JRF-5 and T397 were subjected to treatment with 
mutagen 6-Benzyl adenine. The mutagenic effect of 6-BA has been studied in 
Ml generation on cytomorphological parameters such as, seed germination, 
seedling and plant growth, seedling morphology, variation frequency, pollen 
fertility and chromosomal behaviour. 
Seed Germination 
The maximum germination in the variety Sheela (control) was 60%. As 
the concentrations of 6-BA increased to 200, 400, 600, 800 and 1000 ppm, 
the percentage of germination decreased to 41, 34, 34 , 33 and 25% (table 
1,plate-1 A-G,graph-1). 
The maximum germination in control variety JRF-5 was 58% which 
decreased from 41 to 21 % in 200-1000 ppm concentrations respectively 
(table 2, plate 2 and graph-1). Likewise in variety T397 the germination 
percentage in control was 56 %, whereas decreased from 49 to 36% in 200 -
1000 ppm 6-BA treatments respectively (table -3, plate -3, and graph-1). 
Delaying effect 
The germination started on 3rd day in control whereas it showed 
delaying effect due to the toxic effect of 6-BA. Resultantly, the germination 
started on 9th, 12th, 15th and 18th days in 200, 400, 600, 800 and 1000 ppm 
concentrations respectively in variety Sheela (table -1, graph-2) 
18 
In variety JRF-5 the germination started on 6th day in control. The 
delayed germination was recorded between 9 to 21 days in 200-1000 ppm of 
6-BA respectively (table-2, graph-2). Similarly in variety T397 the 
germination started on 6th day in control as well as 200 ppm 6-BA but in still 
higher concentrations the onset of germination was noticed from 9th upto 21 
days in 400 - 1000 ppm 6-BA respectively (table -3, graph-2). 
Germination Inhibition 
The reduction in germination has been represented in terms of 
germination inhibition in treated populations as compared to control. The 
germination inhibition increased from 31.66-58,33% in var Sheela; 29.31-
63.79 % in var. JRF-5 and from 12.5-32.14 % in var. T397 in 200-1000 ppm 
of 6-BA respectively (tables 1-3, graph- 3). 
Frequency of variations 
The frequency of variation was nil in control populations of all three 
varieties but as the concentration of 6-BA increased the frequency of 
variations also increased. The frequencies were 6.83, 8.33, 8.33^ 9.30 and 
15.09 % in var. Sheela; 6.12, 6.12, 6.60, 7.69 and lO.OO i^n var JRF-5 Vo; 
6.66, 12.00, 11.29, 13.9 and 14.03 in var. T397 in 200, 400, 600, 800 and 
1000 ppm 6-BA concentrations respectively (tables l-3,graph-4). 
Morphological abnormalities at seedling stage 
The mutagenic effect of 6-Ben2yl adenine was observed at seedling 
stage with the eruption of cotyledonary leaves and few vegetative leaves. The 
control seedlings of all the three varieties showed normal growth, alternate, 
lanceolate, entire, acute leaves (figs. 4-A, 7-A, 9-A). In the freated 
populations of variety Sheela the seedlings showed, stunted growth (figs. 4-C, 
5-D, 6-A), vegetative leaves aggregated (forming cluster) over the 
cotyledonary leaves (figs. 4-B, D; 5-C, D; 6-B, C) increased intemodal length 
(figs. 5-A, 6-D), branching at early stage (figs. 5-A, 6-A,C) and bilobed leaf 
(fig 6-D) and fiision of both cotyledonary leaves (fig 5-B). 
Treated populations of variety JRF-5 showed increased angle of 
divergence of leaves (approx.90°) with the stem (fig.7-b) bilobed 
cotyledonary leaves (fig. 7-C) increased intemodal lengths (figs.7-B,C), short, 
thick, broader leaves (fig. 7-D), early branching (figs. 8-A,B) and decreased 
intemodal length (Fig. 8-C). 
Similarly, the variety T397 also showed stunted growth (figs. 9-B, C, 
E), early branching and thick stem (figs. 9-B, 10-A, D, 11-C), twisted leaves 
(figs. 10- B, D) cluster of vegetative leaves above the cotyledonary leaves 
(figs. 9- B, E, 10-D, 11-A,C), bilobed cotyledonary leaves (figs. 9-C, 10«^> 
bi and trilobed vegetative leaves (figs. 9-D, 11- B, D). 
Average height at seedling stage 
The maximum height in control populations was 14.46, 13.14 and 
12,84 cm in vars. Sheela, JRF-5 and T397 respectively. These average 
heights decreased fi-om 10.12 to 7.66 cm, 12.55 to 8.44 cm and 11.0 - 8.60 
cm in 200 to 1000 ppm concentrations respectively (tables 1-3, graph-5). 
S.D. also increased fi-om 2.50-3.97, 2.75-4.07 and 2.81 - 4.01 in 
Sheela, JRF-5 and T397 showing the increasing coefficient of variations 
respectively (tables 1-3). 
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Height injury 
Resultantly the height injury increased ranging from 30.00-47.02% in 
Sheela followed by 33.00-37.00 % in T397 and 4.49 - 35.76% in JRF-5 from 
200 - 1000 ppm concentrations respectively (Table 1-3, graph-6). 
Average Height of Mature Plants 
The average height of mature plants in control was 68.93 cm in JRP-5, 
62.16 cm in Sheela, 59.43 cm in T397 (Tables 4-6), whereas in treated 
populations it decreased in all the three varieties JRF-5, Sheela and T397 
from 59.06-45.5 cm, 58.53-45.4 cm and 49.73-35.11 cm in 200-1000 ppm of 
6-BA respectively (tables 4-6,graph-7). 
The decrease in height was significant at 5% in 200 ppm cone, in 
Sheela while it was significant at 1% level in other concentration of 6-BA in 
all the varieties. 
The average height in control and lower cone, of 6-BA in JRF-5 was 
comparatively higher than other two varieties showing the less severe effect 
of mutagen or more tolerance of the variety. 
Average Number of Branches 
JRF-5 is the highest branched variety having 22.46 branches per plant 
in control, followed by var. Sheela, 19.46 per plant and T397, 18.16 per 
plant. As the concentrations of 6-BA increased the number of branches 
decreased from 17.06-10.30; 14.43-7.60 and 15.43-7.80 per plant in . ^ ^ 5 , 
Sheela and T397 in 200-1000 ppm cone, respectively (tables 4-6, graph-8) 
The decrease in number of branches was significantly at 5% in 200 
ppm 6-BA in variety JRF-5 and in 600 ppm treated T397 ,while the decrease 
was signiJ^jg^t at 1% in 400-1000 ppm 6-BA in JRF-5, all the concenfrations 
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Graph-1: Effect of 6-BA on germination in Lusitatissimum 
varieties 
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Graph-2: Effect of 6-BA on days taken to start germination 
in L.usitatisslmum varieties 
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Graph 3: Effect of 6-BA on germination inhibition (%) in L. 
usitatissimum varieties 
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Graph 5: Effect of 6-BA on average height of 
seedlings in L. usitatissimum varieties. 
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Graph 6: Effect of 6-BA on height injury^/o)in L. 
usitatissimum varieties 
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of mutagen in variety Sheela and in 800-1000 ppm concentration of 6-BA in 
T397. 
Yield 
The yield of control and treated populations was determined on the 
basis of average number of pods and seeds per plant. The average number of 
pods in control populations of variety Sheela was 8.96 per plant (maximum) 
followed by 8.93 per plant in T397 and 8.23 per plant in JRF-5. As the 
concentrations of 6-BA increased the average number of pods decreased from 
6.73-1.60; 7.16-1.53 and 7.03 -1.23 per plant in Sheela T397 and JRF-5 
respectively in 200-1000 ppm cone. (Tables 4-6, graph-9). 
Number of seeds per plant in control was maximum in variety T397 
66.97 per plant followed by Sheela, 62.72 and JRF-5, 56.79 per plant. In the 
treated populations it decreased from 53.90 to 10.55 per plant in T397, 35-
11.20 per plant in Sheela and 56.94 - 8.68 per plant in JRF-5 in 200-1000 
ppm 6-BA.In variety Sheela at 400 ppm concentration number of seeds per 
plant was 38.28 which was greater than 35.00 at 200 ppm concentration, 
fiirther in var. JRF-5 it was slightly greater at 200 ppm than control. (Tables 
4-6, graph 10). 
Weight of 100 seeds 
The size of seeds is also determined by taking average weight of 100 
seeds. The size also decreased with increasing concentrations of 6-BA in all 
the three varieties. The maximum weight per 100 seeds in control population 
was 503.30 mg in var Sheela followed by 503.30 mg in T397 and 515.00 mg 
in JRF-5, but in the treated populations the weight decreased from 514.00 -
31 
320.00 mg in var. Sheela 529.00-505.00 mg in T397 and 503.30 - 296.70 mg 
in JRF-5 in 200 - 1000 ppm 6-BA respectively (tables 4-6, graph-11). 
The decrease in average weight was significant at 1% level in a cone. 
400 - 1000 ppm in varieties Sheela and JRF-5 while in T397 the decrease in 
average weight was insignificant in all concentrations. Moreover, the effect 
was less severe in treated populations of this variety as compared to the other 
varieties (tables 4-6, graph-11). 
Frequency of variations at mature stage 
The maximum variation frequency 5.00-10.52 % was observed in 
variety T397, followed by 4.54 - 9.43 in variety Sheela and 4.08 - 8.11 in 
variety JRF-5 in 200 - 1000 ppm 6-BA respectively. It was observed that the 
frequency of variations in all the varieties was lesser at mature stage (tables 
4-6) than at the seedling stage (tables 4-6, graph-12). 
Pollen Fertility 
Pollen fertility also decreased with increase in the concentrations of 6-
BA. In confrol plants the pollen fertility was 90%, 89% and 95% in variety 
Sheela, JRF-5 and T397 respectively, but as the concentrations increased 
from 200 - 1000 ppm the pollen fertility decreased from 85.00 - 72.00 in 
Sheela 83.33 - 70 % in JRF-5 and 90.00 - 72.00 in T397 (Tables 4-6). 
MEIOTIC STUDIES 
To estimate the potency of mutagen and the mutation response of a 
genotype the chromosomal behaviour with respect to meiosis is 
considered to be one of the most reliable indices. ^ Induction of structural 
rearrangements is one of the most important ways of achieving new 
recombination which are rarely obtained by the conventional methods. 
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Graph-7: Effect of 6-BA on av. height of plants in L. 
usitatissimum varieties 
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Graph-8: Effect of 6-BA on av. no.of 
branches per plant in L. usttatissimum 
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Graph-9: iiffect of 6-BA on av. no of pods per plant in 
L. usitatissimum varieties 
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Graph-10: Effect of 6-BA on av. no of seeds per plant 
in Linum usitatissimum varieties 
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Graph-11: Effect of 6-BA on weight per hundred 
seeds in L. usitatissimum varieties 
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Graph-12:Effect of 6-BA on variation frequency 
(%^  of plants in L usitatissimum varieties 
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The present investigation deals with the study of the types of 
chromosomal associates, chromosomal abnormalities and their frequencies in 
different treatments of cytomorphological variations induced by different 
concentrations of 6-BA (Benzyl adenine) in Sheela , JRF-5, and T397 
varieties of Linum usitatissimum L.The parameters of meiotic studies 
recorded were precocious separation, laggards, bridges, univalents and 
micronuclei etc. 
Linum usitatissimum has 15 bivalents (2n =30). In control populations 
the meiosis has been normal with 15 bivalents at metaphase I arranged 
normally at equatorial plate and separating 15 individual chromosomes 
towards either pole at anaphase -1, telophase I and all the stages of meiosis 
are generally normal . The treated plants exhibited variable frequencies of 
abnormalities. 
Abnormalities at Metaphase I 
Metaphase I was normal whereas different abnormalities were observed 
in freated populations. The parameter for metaphase studies were the 
frequency of precocious separation, stickiness and univalent. 
Precocious separation 
Precocious separation at metaphase-I could not be observed in control 
plants as well as lower concentrations of 6-BA.In variety Sheela, the 
frequency of precocious separation was 0.1-0.2 from concentrations 600-
1000 ppm 0.15-0.25 in variety JRF-5 from concentration 800-1000 ppm and 
0.05-0.25 from concentration 600-1000 ppm in variety T397 (Tables 7-9). 
42 
stickiness 
Stickiness did not occur in control as well as lower concentrations of 6-
BA in all the varieties. The frequency of stickiness increased from 0.75 to 1.5 
per cell in 400-1000 ppm in var. Sheela (Table-7). Likewise in var. JRF-5 
freq. of stickiness was 0.75-1.85 per cell in 400-lOOOppm (Table-8).This 
abnormality was the highest ranging between 0.85-2.6 per cell in 200-1000 
ppm respectively (table-9, plate-12 E). 
Univalent 
The frequency of univalent ranging between 0.63-0.89per cell in 
var.Sheela, 0.68-0.89 per cell in var.JRF-5 and 0.85-0.90 per cell in var. 
T397 in 800-1000 6-BA (Tables 7-9, Plate-12, D& G). Generally the 
univalent were more frequent in var. T397. 
Abnormalities at Anaphase -1 
The studies on the abnormalities at anaphase-I were mostly concerned 
with laggards, bridges, stickiness and unequal separation of chromosomes. 
Laggards and Bridges 
Laggards were negligible in control as well as lower concentrations of 
6-BA. Moreover the frequency ranged between 0.05 - 0.20 per cell in var. 
Sheela, 0.1-0.25 per cell in var.JRF-5 and 0.1-0.35 per cell in var. T397 in 
800-1000 ppm concentrations. (Tables 7-9, Plate 13 A, B, C). Bridges were 
induced in higher concentrations only. The average freq. varied 0.05-0.1 per 
cell in var. Sheela from cone. 800-1000 ppm. They occurred to be 0.1 per cell 
in 1000 ppm in JRF-5 while the bridges could not be induced in var. T397 
(tables7-9, plate 13 D). 
43 
Stickiness 
The stickiness among chromosomes did not occur in control and 200 ppm 
6-BA in vars. Sheela ,JRF- 5 , T397 whereas they were recorded to be 0.8-
1.1 per cell in Sheela, 0.8 -0.9vin JRF-5^ j ;e l l , and 0.7-1.05 per cell in 
T397 from 400-1000 ppm 6-BA respectively. (Tables 7-9, Plate 12 I). 
Unequal separation 
Unequal division of chromosomes did not occur in control and lower 
concentrations. However, frequency increased from 0.25-0.55 per cell in 
Sheela, 0.3-0.35 in JRF-5 in 800-1000 ppm doses and from 0.20- 0.55 per 
cell in T397 in 600-1000 ppm concentrations (tables 7-9, plate 12 H). 
Abnormalities at Telophase-1 
The commonly observed abnormalities at telophase I were laggards, 
micronuclei and unequal separation .Bridges could be seen in rare cells. 
Laggards and Micronuclei 
Laggards and micronuclei were nil in control ,200 and 400 ppm 6-BA 
whereas they occurred to be 0.05-0.35 and 0.2-0.45 per cell in var Sheela 
from 600-1000 of 6-BA, 0.15-2.07, 0.25-0.35 p e r ^ var. .JRF-5 and 0.1-0.2, 
0.25-0.4 in var. T397 from 800-1000 ppm cone. (tables7-9, plate-13 F, G). 
Unequal Separation 
The unequal separation of chromosomes could not be recorded in 
control- 400 ppm 6 BA but it occurred considerably as 0.5- 0.65, 0.55- 0.65 
and 0.6-0.85 per cell in var sheela, JRF- 5 and T397 respectively in 600-
1000 ppm 6 BA (tables 7- 9, plate 13 E, F). 
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Bridges 
The bridges occurred rarely having frequency 0.05 per cell in var. Sheela 
in 800 ppm 6- BA , 0.1 per cell and 0.05 per cell in var JRF- 5 and T397 
respectively in 1000 ppm (tables 7- 9, plate 13 D). 
Chromosomal abnormalities, at Meiotic II Stages 
Chromosomal abnormalities were significantly lesser as compared to 
those at meiotic I stages generally none of the abnormalities could be 
recorded in control to 600 ppm 6 BA. However, precocious separation of 
chromosomes at metaphase II was induced to be 0.15 - 0.25 per cell; 0.15-
0.20 per cell and 0.15 - 0.3 per cell in vars. Sheela, JRF- 5 and T397 
respectively in 800 - 1000 ppm 6-BA (Table 7-9, plate 12 G). 
Unequal separation of chromosomes at anaphase II was found to range 
between 0.2 - 0.30, 0.25 - 0.30 and 0.25 in 800 - 1000 ppm 6 BA in vars. 
Sheela, JRF- 5 and T397 respectively (Table 7-9). Similarly, at telophase II 
the micronuclei per cell were formed to range between 0.1 - 0.2, 0.15 - 0.2 
and 0.1- 0.2 per cell (table 7-9, plate 13 G) and unequal separation of 
chromosomes between 0.1 - 0.2, 0.15 - 0.00 and 0.1 - 0.1 per cell in Sheela, 
JRF-.5 and T397 respectively (table 7-9, plate 13 H,I). 
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CHAPTERS 
DISCUSSIONS 
Chapter-5 
DISCUSSION 
The present discussion is confined to the effect of 6-BA on seed 
germination, seedling morphology, plant morphology, growth, pollen 
fertility, chromosomal behaviour etc. in Linum usitatissimum L. 
varieties Sheela, JRF-5 and T397 in Ml generation. The probable 
reasons and explanations regarding the mutagenic effects have been 
discussed in detail. 
Seed germination and germination inhibition 
Seed germination is an important parameter for estimating the 
effect of mutagens on plants. In present investigation, the seed 
germination decreased in the increasing concentrations of 6-BA in all 
the three varieties. However var.T397 showed comparatively lesser 
decrease in seed germination than other two varieties (Graph-1), 
showing that T397 was more resistant than others. The reduction in 
germination may be due to inhibitory effect of chemical mutagen as 
shown by Kumar et al (1993) in Viciafaba, Ansari and Siddiqui (1995) 
in Ammi majus, Anis and Wani (1997) in Trigonella foenum graecum, 
Mitra and Bhowmik (1998) in Nigella sativa and Lai and Sharma (2000) 
in Plantago ovata. 
Griffiths and Johnson (1962) and Srivastava (1979) considered that 
reduction in germination percentage was due to weakening and 
disturbances of growth processes resulting in early elimination of 
seedlings. Krishna et al. (1984) considered that the inhibition of 
germination may be due to interaction between mutagen and the seed 
cell system. It may also be due to toxicity of mutagens followed by 
mutational changes at gene or chromosomal level, because the reduction 
in germination corresponded with the increasing chromosomal 
aberrations. 
Delay in germination 
It has been observed that 6-BA besides reducing the percentage of 
seed germination has also caused remarkable delay in initiation of seed 
germination in all the three varieties. The delay in germination was 
maximum in var. Sheela and was minimum in var. T397. The delay in 
germination as observed in Linum usitatissimum has also been observed 
in other plants following mutagenic treatments Bajaj et al. (1970) in 
Phaseolus vulgaris, Pearson et al. (1973) in barley and Rao (1983) in 
pearl millet. 
Delayed seed germination may be due to depression in the rate of 
mitotic proliferation (Favretl963). The denaturating DNA after 
sometimes may be repaired and resume the biological process, thus 
germination may be delayed (Hutterman et al, 1978). 
Frequency of variations at seedling and mature stages 
Induction of variations and achievement of desirable characteristics 
has been an important goal of mutation research (Gustafson 1941, 1947, 
1955; Auerbach 1967; Swaminathan 1969).Therefore as a result of 
treatment in Linum the variations increased with increasing 
concentration of 6-BA. However, these were generally higher in var. 
T397 followed by Sheela and JRF-5. Moreover it was lower at mature 
stage as compared to seedling stage probably due to elimination of 
highly affected seedlings and/or repair of DNA at later stages. 
Dose dependent increase in the frequency of mutations was noted by 
W 
Vandana (1992) with alkyting agents on faba beans and Solanki and 
Sharma (2002) with ethylimine ( EI), nitroso ethylurea (NEU) and 
Gamma rays in Lens culinaris. 
Morphological variations 
Variations in shape, size, and number of cotyledonary and vegetative 
leaves (i.e. notched, poorly developed, unequal, rudimentary, small and 
thick leaves etc) as observed in Linum usitatissimum varieties Sheela, 
JRF-5 and T397 were also observed in Phaseolus vulgaris (Bajaj et 
al.,\970),Capsicum annuum (Rajam, 1982). 
It has been reported by earlier workers that anomaly in the 
proportion of growth hormones in treated materials may be responsible 
for cotyledonary abnormalities (Napp-Zinn, 1955).Hagen and Gunckel 
(1958) found that where leaf abnormalities occurred there was a 
concomitant increase in free amino acid content in these leaves. 
According to Devreux and Mugnozza (1964) the general 
disturbances in metabolic pathway due to irradiation may be one of the 
important factors responsible for such abnormalities. Rao (1972) 
attributed that the leaf abnormalities were due to several environmental 
factors such as soil fertility, availability of water and the degree of 
luxuriance during growth .Dubinin (1976) opined that several enzymes 
are involved in the process of mutations as a result of enzymatic 
activity. 
In the light of above discussed reasons leaf abnormalities in the 
present case may be due to increase in free amino acids or 
environmental factors and/ or the changes brought about by 6-BA at 
DNA level. 
Height and number of branches at seedling and mature stages 
Height at seedling stage in all the three varieties decreased as the 
concentrations increased. Height decrease was more in variety Sheela 
than other two varieties in most of the concentrations (Graph -5).Similar 
trend was followed at maturity also but the decrease was lower in var. 
JRF -5 as compared to others. The branches also decreased with 
increasing concentrations. However, var. JRF-5 was found to be the 
bushiest variety having maximum branching in all its concentrations 
than other varieties. 
Decrease in growth with increasing concentrations has also been 
observed by many workers such as Krishna et al. (1984) in Rhodes grass 
by gamma rays, Khan et al (1982) in mung bean by MMS, Ansari and 
Siddiiqui (1995) in Ammi majus L. by EMS and Verma et al. (1999; in 
Lens culinaris by gamma rays, Haroun and Al-Shehri (2001) by 
Calotropis procera extract, Al-Ubaidi et al. (2002) in durum wheat by 
gamma rays. 
Several workers have tried to explain the causes of decreasing 
height due to mutagenic treatments. The structural changes in the 
constitution of chromosomes (Thoday 1951) or chromosome damage 
(Arumugam et a/. 1997) may be responsible for growth inhibition. 
Growth inhibition may arise due to interference of mutagens with the 
cell elongation (Sparrow and Sparrow 1965) or injury caused to the 
meristematic cells (Ansari and Siddiqui 1995). Auxin reduction 
(Krishna et al., 1984).^  JPhysiological disorders (Gunckel 1957) or 
metabolic disturbances (Gupta and Samata 1967) might have played 
important role in the reduction of height of the treated plants. 
Pollen fertility/Sterility 
The pollen fertility also decreased with increasing concentrationsof 
6-BA in all the three varieties with simultaneous increase in sterility 
.Consequently the yield decreased, giving the evidence that 
chromosomal abnormalities leading to pollen sterility had affected the 
fruit set directly. 
Decrease in pollen fertility with increasing concentrations of 
mutagens as in Linum was also observed by Athma and Reddi (1986) in 
Ricinus commmunis , Jayabalan and Rao(1987) in Lycopersicon 
esculentum, Vandana and Dubey (1988) in Vicia faba , Ansari and 
Siddiqui(1995) in Ammi majus , Arumugam et al, (1997) in barley 
.Mitra and Bhowmik (1998) in Nigella sativa, Lai and Sharma (2000) 
in Plantago ovata, Haroun and Al-shehri (2001) in Vicia faba, 
Muthuswamy and Jayabalan (2002) in Gossypium hirsutum L.etc. 
Rana and Swaminathan (1964) and Ramanna (1974) reported that 
any deviation in karyokinesis and cytokinesis could produce non viable 
microspores.Reddi and Rao (1982) considered that the presence of 
chromosomal abnormalities like laggards ,bridges and micronuclei were 
closely associated with pollen fertility. Resultantly the pollen fertility 
lowered down in Linum also. 
Yield 
Yield is an important parameter in mutation breeding, because 
ultimately the plant breeder wants to improve the yield. 
Yield decreased with increasing concentrations in all the three 
varieties. However in var. Sheela average no. of seeds per plant was 
higher in 400 ppm cone, than in 200 ppm cone, and in var.JRF-5 it was 
higher in 200 ppm cone, over control .This was due to increase in av. no. 
of seeds per capsule showing positive enhancing effect of 6-BA in these 
concentrations. 
The decrease in yield as observed in Linum was also reported by Amer 
and Farah (1970) in Vicia faba by carbonate pesticides, Reddy and Rao 
(1982) in Capsicum annuum by herbicides, Lakshmi et al.{ 1988) in 
Capsicum annuum by insecticides, Vandana and Dubey (1988) in Vicia 
faba by EMS and DBS, Kumar et al. (1993) in Vicia faba by gamma 
rays and Wang et al. (2001) in rice by EMS. 
The decrease in yield occurred due to induced disturbances in 
meiosis which affected the frequency of normal microspores up to 
greater extent and the megaspores to a lesser extent and hence the fruit 
set was directly affected. Singh and Chowdhury (1972) gave the opinion 
that various chromosomal abnormalities such as laggards, bridges, and 
micronuclei are related with lower pollen fertility and ultimately the 
seed set. 
MEIOTIC STUDIES 
As a result of treatment of seeds with 6- BA the plants showed 
varying degrees of meiotic irregularities like univalents, stickiness 
precocious separation of chromosomes, laggards, bridges and unequal 
divisions etc. 
Generally the meiotic irregularities increased with an increase in the 
concentrations of 6-BA.The abnormalities were negligible at lower 
concentrations, whereas they occurred significantly in the higher 
concentrations. Moreover, the abnormalities were higher at meiosis I 
than at meiosis II (Anis & Wani 1997, Dryanova and Dimitrov 2000, 
George 2001, Haron and Al Shehri 2001, Donbake et al, 2002). 
Precocious separation 
Precocious separation of chromosomes was observed at metaphase 
I and II stages. Their frequencies in var. JRF-5 and T397 was more at 
higher concentrations than var. Sheela. Their occurrence at metaphase 
has been reported by number of workers ( Dixit and Dubey 1986, Amer 
and Farah 1986, Somashekhar 1987, Das and Roy 1989,Anis and Wani 
;1997 and Khan et al, 1998). 
This chromosomal behaviour is due to irregular spreading of 
chromosomes, which may be attributed to the disturbances in spindle 
apparatus (Amer and Ali 1974). Bose and Saha (1970) gave that 
desynapsis resulted in the precocious separation of univalents. Anis and 
Wani (1997) found that some of the univalents disjunct^^ea,rly which 
may be due to genie disturbances. . /' ^S—3-^-^/ \ 
i'k( M i 
Stickiness \ ^ " ^ / 
The frequency of stickmess among chrjpmoiSQjjies was more in var. 
T397 at metaphase I but at anaphase I the fi-eqiiencies did not show 
much difference in different doses of 6-BA. However, it was slightly 
greater in variety Sheela than in others. Stickiness among chromosomes 
was reported by many workers, such as Khan et al. (1988) Verma et al. 
(2000), Haroun and Al -Shehri (2001), George and El- Haleem, (2001). 
Sharma et al. (1955, 1956) found that the stickiness during meiosis 
in different strains may be due to high heterochromatic content. Evans 
(1962) suggested that stickiness was due to aberrant nucleic acid 
synthesis and partial dissociation of nucleoproteins. Mc Gill et al. (1974) 
and Klasterska et al.(1976) gave that stickiness arise due to improper 
folding of chromosome fibres. Gaulden (1987) postulated that the 
stickiness may result from defective functioning of one or two types of 
specific non-histone proteins involved in chromosome organization. 
Katiyar (1978) and Myers et al. (1992) said that stickiness could also be 
the result of partial dissociation and altered pattern of organization of 
nucleoproteins. So the stickiness caused by 6-BA in Linum 
usitatisssimum could be due to alteration in DNA followed by 
disturbances at later stages as mentioned above. 
Univalents 
The univalents occurred at higher concentrations in all varieties 
however these were less frequent in variety Sheela as compared to 
others. 
Univalents have been reported in mutagenic treatments by many 
workers, some of them are Panganti et al. (1988) in pearl 
millet,Velazquez mRhaeo spathacea (2001), ^Khare (1994) in Adiatum, 
Reddy et al. (1999) in rice , Reddi and Rao (2000) in rice, Singh (2002) 
in Glycine max L. 
According to Zeerak (1990) the mutation- induced structural 
changes in chromosomes and gene mutations might be responsible for 
the failure of pairing among homologous chromosomes and hence the 
presence of univalents .According to Kaul (1993) where univalency is 
complete the asynapsis is presumed and where it is partial the 
desynapsis is inferred. 
Laggards 
Laggards occurred at anaphase I and telophase I stages. At anaphase 
1 the frequency of laggards was the highest in ^^ T397in the highest 
concentration of 6-BA, while at telophase I, the laggards were more 
frequent in var. Sheela than in other two varieties. 
Delayed terminalisation, stickiness of chromosome ends or failure 
of chromosomes movement may be the reasons for occurrence of 
laggards in C. arietinum. (Magoon et al, 1958). Tarar and Dnyansagar 
(1980) and Das and Roy (1989) are of the opinion that due to effect of 
mutagens the spindle fibres failed to carry the respective chromosomes 
to the polar regions and resultantly lagging chromosomes appeared at 
anaphase I. 
Stickiness of chromosomes may also be the probable reason for the 
lagging chromosomes. 
Bridges 
Bridges were very rare in all the three varieties and were almost 
absent in variety T397 at Anaphase I. 
Bridges formation was recorded by George (2000) and George and 
El - Haleem (2001) in Viciafaba. Pagliarini et al. (2000) in Paspalum 
accession, and.Utsunamiya et al. (2002) in maize have reported directly 
proportional relationship of bridges with increasing concentrations of 
mutagens. 
Bridges formation could be attributed to the general stickiness of 
chromosomes at metaphase or breakage and reunion of chromosomes 
(Amer and Farah 1987; Ahmad and Yasmin 1992). Singh and Khanna 
(1988) considered that anaphase bridges may be formed due to unequal 
exchange or dicentric chromosomes. 
The chromatin bridge on the basis of crossing over within on 
inversion was supported by Zeerak (1992). The bridges may result in 
unequal separation of chromosomes at later stages causing decrease in 
pollen fertility. 
According to Akhund - Zade and Khvostova (1966) alkylating 
agents induce merely isochromatid deletion which leads to the formation 
of chromatin bridges at anaphase. These bridges are broken and acentric 
fragments are lost which lead to disturbances in the chromosomes 
balance and ultimately to cell death. 
Unequal separation of chromosonies 
Unequal separation of chromosomes occurred at anaphase I & II and 
telophase I & II stages in all the three treated varieties of Linum 
usitatissimum. 
This abnormality was induced due to early or delayed separation of 
bivalents or movement of one chromosome of a quadrivalent to one pole 
and the remaining three to other. It is also possible that a bivalent failed 
to disjoin and moved as a whole to one of the poles.These reasons were 
supported by Ahmed (1993) in Cicer arietinum ^ ^Kau\ and Nirmala 
(1993) in Pisum sativum ,Khan et al. (1998) in Viciafaba ,Singh (2002) 
in Hordium vulgare. 
The unequal separation of chromosomes might also be due to 
disturbed spindle mechanism and stickiness.( Liang et al. 1967, Amer 
and Ali 1968 and Reddy and Rao 1978). 
Micronuclei 
Micronuclei were common at telophase I and Telophase II stages. 
Their frequency increased with increasing concentrations. However 
micronuclei were more frequent at telophase I in variety Sheela. 
Similar results have been reported by Ignacimuthu and Babu (1989) 
in urd and mungbean. Khan et al.(\99S) in Viciafaba, Reddy and Rao 
(2000) in rice, Dryanova and Dimitrov (2000) in Triticale callus, Singh 
(2002) in Hordeum vulgare. 
The correlation between occurrence of laggards and failure of 
spindle formation, leading to the formation of micronuclei at telophase I 
and II is supported by Liang et al. (1969), Amer and Ali (1974) and 
Reddy and Rao( 1978). 
Micronuclei might also be due to the coalescence or aggregation of 
chromatin materials into masses of various numbers and sizes (Kabir 
and Alam 1986) or failure of daughter nuclei to reach their respective 
poles, which either disintegrated or formed micronuclei 
(Somashekar,1987).These micronuclei ftirther resulted in polyads and 
were responsible for the production of sterile pollen (Patil and Bora, 
1961) 
These chromosomal variations induced by 6-BA have caused both 
negative and positive mutations in Linum usitatissimum. Majority of 
them showed negative trends by decreasing the height, no. of branching, 
pollen fertility and yield, while some others showed positive results 
showing increased height, branches and yield per plant (Table 1-6). 
Thus 6-BA may be used as a mutagen to increase biodiversity for the 
selection of desirable characters. 
CHAPTER-6 
SUMMARY 
Chapter-6 
SUMMMARY 
The effect of 6-Benzyladenine on seed germination, seedling and 
plant growth, morphology and meiotic chromosomes in Linum 
usitatissimum has been studied in Ml generation. 
1. Seed germination, average height of mature plants and pollen fertility 
decreased with increasing concentrations of 6-BA in all the three 
varieties 
2. Frequency of morphological variations increased with increasing 
concentrations of 6-BA in all the three varieties. 
3. Older seedlings exhibited morphological variations such as varied leaf 
shape and size, rudimentary seedlings etc. 
4. Various micro mutational characters such as average number of pods 
per plant, seeds per pod and weight of 100 seeds were studied. 
5. Different types of meiotic abnormalities were found such as univalent 
laggards, bridges, unequal separation, micronuclei etc. causing the 
morphological variations in Linum. 
6. Mostly negative along with some positive variants have been 
obtained. 
7. Moreover similar type of works have been reviewed and possible 
reasons behind these variations have been discussed. 
PIate-1 (Figs A-G): Effect of 6-BA on germination and growth in 
Linum usitatissimum var. Sheela. 
Figs. A & E: Control population 
Figs.B, C, D, F, G: Exhibiting decrease in height and number of seedlings 
with increasing doses 200, 400, 600, 800, 1000 ppm respectively. 
PLATE-1:Effect of 6-BA on germination and growth in L. 
usitatissimum van Sheela. 
PLATE -2 (Figs A-G): Effect of 6-BA on germination and growth in 
Linum usitatissimum var. JRF-5. 
Figs. A & E: Control population 
Figs.B, C, D, F, G: Exhibiting a comparative effect on germination and 
height of seedlings with increasing doses 200, 400, 600, 800, 1000 ppm of 
6-BA respectively. 
PLATE -2: Effect of 6-BA on germination and growth in 
L.usitatissimum van JRF-5. 
PLATE -3 (figs A-G): Effect of 6-BA on germination and growth of 
Linum usitatissimum var.T397. 
Figs. A & E: control population 
Figs. B, C, D, F, G: Exhibiting decrease in height and number of seedlings 
with increasing doses 200, 400, 600, 800, 1000 ppm respectively. 
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PLATE-3 Effect of 6-BA on germination and growth 
in /. usitatissimum var.T 397 
PLATE-4 Explanation of figures (Linum usiiatissimum var. Sheela) 
Figs. A-D: Moq^hological variations induced by 6-BA. 
Fig. A: Control showing normal growth, alternate, lanceolate, entire, acute 
leaves. j 
Fig. B: cotyledonary leaves deshaped, vegetative leaves aggregated at the 
point of emergence of cotyledonary leaves, upper vegetative leaves larger, 
broader, thicker and twisted (cone. 200 ppm). 
Fig. C: Stunted growth, cotyledonary leaves smaller but broader, vegetative 
leaves m whorl and smaller in size (cone.200 ppm). 
Fig. D: vegetative leaves aggregated near the cotyledonary, small branches 
bearing short but broader leaves (cone. 200ppm). 
PLATE-4 rJVlorphological variations induced by 6-BA in 
L.usita/issimum van Sheela. 
PLATE 5- Explanation of figures {Linum usitatissimuin var. Sheela) 
Figs A-D: Morphological variations induced by 6-BA. 
Fig. A: Branched stem having broader vegetative leaves, some leaves are 
opposite (cone. 600 ppm). 
Fig B: Taller seedlings due to faster growth, cotyledonary leaves opposite 
and joined together upto half of length, lesser number of vegetative leaves 
and increased intemodal length, (cone. 400 ppm). 
Fig.C: Increased no. of vegetative leaves arranged in whorl (cone. 600 
ppm). 
Fig D: Two seedlings showing stunted growth, a large no. of vegetative 
leaves arranged just above the cotyledonary leaves due to loss of apical 
growth, (cone. 400 ppm). 
PLATE 5 Morphological variations induced by 6-BA in 
L. usitatissimum van Sheela. 
PLATE - 6: Explanation of figures {Linum mitatissimum var. Sheela) 
Figs A-D: Morphological variations induced by 6-BA. 
Fig A: Branching at an early stage (cone. 800 ppm). 
Fig B: Cotyledonary leaves forming whorl along with vegetative leaves; 
upper node also forms the whorl of vegetative leaves, thick stem (cone. 800 
ppm). 
Fig.C: Highly branched stem, variation in the size of the vegetative leaves, 
lower leaves smaller and upper ones are bigger (cone. 800 ppm). 
Fig D: Arrangement of leaves altered, opposite as well as alternate leaves, 
bilobed leaf due to notching (cone. 1000 ppm). 
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PLATE-6 : Morphological variations induced by 6-
BA in L.usitatissinmm van Sheela 
PLATE -7: Explanation of figures (Linum usitatissimum var. JRF-5) 
Fig A-D: Morphological variations induced by 6-BA. 
Fig A: Control plant showing normal growth, alternate, lanceolate, entire, 
acute leaves. 
Fig B: Cotyledonary leaves small, vegetative leaves alternate or opposite, at 
approx. right angle from the stem (angle of diversion is more) and bilobed 
leaves (cone. 400 ppm). 
Fig. C: One cotyledonary leaf bilobed, no. of vegetative leaves lesser than 
the control plants, (cone. 600 ppm). 
Fig. D: Thick stem, condensed broader and thicker leaves (cone. 600 ppm). 
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PLATE -7 :MorphologieaI variations induced by 
6-BA in L.usitatissimum van JRF-5. 
PLATE -8: Explanation of figures {Linum usitaiissimum var. JRF-5) 
Figs. A-C: Morphological variations induced by 6- BA. 
Fig. A: Prominent branches arising at early stage, xantha type chlorophyll 
mutation (cone. 800 ppm). 
Fig B Two prominent branches arising above the cotyledonary leaves, stem 
weak and leaves smaller (cone. 1000 ppm). 
Fig. C: Thick stem, condensed leaves due to decreased intemodal length, 
leaves broader and thicker (cone. 1000 ppm) 
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PLATE-8 :Morphological variations induced bv6-BA 
in L. usitatissinnmi van .IRF-5 
PLATE -9: Explanation of figures {Linum usitatissimum var. T397). 
Figs A-E: Morphological variations induced by 6-BA. 
Fig. A: Control plant showing normal growth, alternate, lanceolate, entire, 
acute leaves. 
Fig. B: Stunted seedlings (dwarf), small and broader cotyledonary leaves, 
stem thicker, vegetative leaves broader, condensed at apical portion with 
wavy margins, (cone. 200 ppm). 
Fig. C: Each cotyledonary leaf bilobed, one cotyledonary leaf partially 
bifurcated while the other completely bifurcated (cone. 200 ppm). 
Fig. D: Thicker stem, bigger leaves but lesser in number, fiision of two 
leaves forming bilobed structure, (cone. 400 ppm). 
Fig. E: Stunted growth (dwarf seedling), aggregation of vegetative leaves 
above the cotyledonary leaves (cone. 200 ppm). 
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PLATE-9: Morphological variations induced 
bv 6-BA in L.usitatissimum. van T397. 
PLATE -10: Explanation of figures (Linum usiiatissimum var. T397) 
(Figs A-D): Morphological variations induced by 6-BA. 
Fig A: Branching from the lower node, decreased number of leaves, 
elongated intemodes and thicker stem (cone. 600 ppm). 
Fig.B: Thicker stem, bigger vegetative leaves bending downwards (cone. 
400 ppm). 
Fig. C: One cotyledonary leaf bilobed, elongated weak stem (cone. 600 
ppm). 
Fig. D: Vegetative leaves in whorl near the cotyledonary leaves, intemodal 
length decreased, bending of stem at the point of abnormal behaviour of 
leaves (cone. 400 ppm). 
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PLATE-10 :Morphological variations induced by o-tSA in 
L. usiUttissimum var. T 397. 
PLATE -11 Explanations of figures {Linum usitatissimum var. T397) 
Figs A-D: Morphological variations induced by 6-BA. 
Fig. A: A bilobed vegetative leaf and a whorl of leaves above the 
cotyledonary leaves (due to compressed nodes) (cone. 800 ppm). 
Fig B: Fusion of .three vegetative leaves forming trilobed structure, bending 
of stem above the abnormal behaviour of leaves (cone. 800 ppm) 
Fig. C: Small, weak branches and leaves just above the cotyledonary leaves, 
leaves of side branches are small and rudimentary (cone. 1000 ppm). 
Fig D: Bilobed vegetative leaf (cone. 1000 ppm). 
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PLATE-11: Morphological variations induced by 6-
BA in L.usitatissinmm van T397. 
PLATE -12 Chromosomal abnormalities induced by 6-BA in 
Linum mitatissimum. 
A. Normal metaphase 1 
B. Normal anaphase 1 
C. Normal telophase 1 
D. Metaphase 1. Showing 10 univalents and 10 bivalents 
(var.Sheela, cone. 1000 ppm) 
E. Metaphase 1. Clumping of chromosomes (var. JRF-5, cone.800 
ppm) 
F. Metaphase 1. 10 Univalents, 10 bivalents (var. T397, cone. 1000 
I ppm) 
G Metaphase II. Showing precocious separation of one chromosome 
(15+14+1) (var. Sheela, cone. 800 ppm). 
H. Anaphase I. Unequal separation of chromosomes 16+14 
bivalents. (var. JRF-5, cone.800 ppm) 
Showing separation of bivalents at anaphase 
(var.T397,conc 800 ppm). 
I Anaphase 1. 
72 
B 
D rE * 
PLATE-12 Chromosomal abnormalities induced by 6-BA in L. usUatissimum. 
PLATE 13 Chromosomal abnormalities induced by 6-BA in 
L'mum usitatissimunu 
A Anaphase I. Showing one laggard. (var.Sheela, cone. 800 ppm) 
Showing one laggard (var.JRF-5, cone. 1000 ppm) 
Showing one laggard (var. T397 cone. 1000 ppm) 
Showing bridge formation. (var.Sheela cone. 1000 
ppm) 
Unequal separation (var.JRF-5, cone.800 ppm) 
Unequal separation and one laggard. (var.T397, 
cone. 800 ppm) 
Two micronuclei.(var, JRF-5conc.lOOO ppm) 
Unequal separation. (var.T397, conc,^{>0 ppm). 
B.Anaphase I. 
C Anaphase I. 
D Telophase 1. 
E.Telophase I. 
F. Telophase I. 
G. Telophase II. 
H Telophase 11. 
I.Telophase II. Unequal separation.(var.Sheela,conc.800 ppm) 
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PLATE-13 Chromosomal abnormalities induced by 6-BA in L. usitatissimum. 
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